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PROBLEM TO BE SOLVED: To provide a structure of 
superconducting quantunn interference device(SQUID) and a 
nnanufacturing method thereof which can narrow the width of an 
artificial grain boundary type Josephson junction of the SQUID. 
SOLUTION: This superconducting quantum interference device 
(SQUID) is formed by the artificial grain boundary whose Josephon 
junction uses an oxide superconducting thin film. The bridge 1 of the 
Josephson junction has two parts of different width: a part 2 has a 
wider width (w) (where 1 nm<w<50 |inn) and a part 3 has a narrower i 
width (d) (where 0.1 ^m<d<1 [im). This SQUID is made by a first 
step in which the Josephson junction is photolithographed to form 
the bridge and by a second step in which the bridge Is etched by 
converging ion beams to fornn the narrow part. 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the original precisely 

shows the word which can not be translated. ^ 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] "™ " " 

[Claim 1] SQUID characterized by forming the Josephson junction of the artificial grain boundary using an oxide 
superconductivity thin film, and the width efface of the bridge of the Josephson junction being narrow in two steps 
LCIaim 2J the time of having set width of face of the broad part of said bridge to w. setting width of face of the 
narrow part of said bridge to d. and setting die length to t - 1 mum <= w <= 50-micrometer0.2 micrometer <= d < - 
J~'"'°T^^|f;°-^ <= t < - SQUID according to claim 1 characterized by being 2 micrometers. 

LCIaim 3j SQUID according to claim 1 or 2 to which the Josephson junction is characterized by being formed using 
artiticial gram boundaries, such as a level difference mold, a bicrystal substrate mold, a BAIEPITAKISHARU mold 
and a lamp edge mold. 

[Claim 4] In the manufacture approach of SQUID that the Josephson junction is formed of the artificial grain 
boundary using an oxide superconductivity thin film As opposed to the 1st step which forms the bridge section 
which processes the Josephson junction section by the photolithography and has predetermined width of face (w) 
and said processed bridge section The manufacture approach of SQUID characterized by having the 2nd step which 
forms the narrow part which has predetermined width efface (d) smaller than said width efface by etching and 
processing a flank middle by the convergence ion beam, without cooling. 

[Claim 5] The manufacture approach of SQUID according to claim 4 that the Josephson junction is characterized by 
qa7Io,xZ,1^*om^'^'^'''^' boundaries, such as a level difference mold, a bicrystal substrate mold, a 
BAIEPITAKISHARU mold, and a lamp edge mold. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to SQUID formed of the artificial grain boundary where the Josephson 
junction used the oxide superconductivity thin film for the detail more, and its manufacture approach about SQUID 
(Superconducting Quantum Interfernce Device : superconducting quantum interference device) and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] This type of SQUID is usually produced using an oxide superconductivity thin film by 
forming the Josephson junction using artificial grain boundaries, such as a level difference mold, a bicrystal 
substrate mold, a BAIEPITAKISHARU mold, and a lamp edge mold. Moreover, as shown in drawing 1 , as for SQUID 
with the Josephson junction of such an artificial grain boundary mold, it is common to form the bridge B which 
processes the oxide superconductivity thin film F, processes the oxide superconductivity thin film F with techniques, 
such as a photolithography, and includes the artificial grain boundary A. 

[0003] On the other hand, the modulation electrical potential difference Vpp of SQUID as explained to "J.Appl.Phys 
73 (lir p.7929-7934 (1993 American Institute of Physics) What is shown by the following formula Is known. : Vpp = 
(7/pi 2) [IcRn/(1+beta)] [1-3.57 KkB TL)/2/phi0] (1) here Ic; the critical current of the Josephson junction, usual 
state electrical conduction resistance of Rn; Josephson junction, kB ; A Boltzmann's constant, T ; Temperature, L ; 
The inductance of SQUID, phi 0 ; A fluxoid quantum and beta = 2LIc/phi 0. 

[0004] When the product IcRn of critical current Ic and the usual state electrical conduction resistance Rn is fixed 
and usual state electrical conduction resistance Rn is generally enlarged, the modulation electrical potential 
difference Vpp becomes large. Therefore, if thickness is set constant and width of face of the Josephson junction is 
narrowed, the modulation electrical potential difference Vpp will become large, and a property will become good 
["AppLPhys Lett66 (22)" p,3059-3061 (1995 American Instituteof Physics)]. 

[0005] Thus, in order to obtain SQUID of the request with the large modulation electrical potential difference Vpp 
and a good property, it is necessary to make bridge width of face narrow enough and to make it smaller than 1 
micrometer typically. However, it is very difficult to make bridge width of face of the artificial grain boundary mold 
Josephson junction smaller than 1 micrometer in micro processing of the oxide superconductivity film by the 
photolithography. 

[0006] Then, it is possible to use the convergence ion beam (nB:FocusedIon Beam) which can perform detailed 
processing. For example, processing it into "J.Vac.Technol.B 13(6)" p.2772-2776 (1995 American Vacuum Society) 
so that bridge width of face may be narrowed by this FIB is shown. However, there is no artificial grain boundary in 
this bridge. 

[0007] Moreover, although it is possible, in FIB processing of an oxide superconductivity thin film, it is necessary to 
change it into the condition of having lowered the thin film sample to low temperature, and having cooled 
conventionally in order to lessen the damage which the etching circumference part of a thin film receives to make 
bridge width efface smaller than 1 micrometer by performing micro processing using FIB. 
[0008] 

[Problem(s) to be Solved by the Invention] Then, the purpose of this invention is to offer the structure and the 
manufacture approach of SQUID which can make width of face of this Josephson junction smaller than 1 
micrometer, without facing performing FIB processing narrowing width efface of the Josephson junction of SQUID, 
and cooling a sample. 
[0009] 

[Means for Solving the Problem] For this purpose, according to this invention, the Josephson junction is formed of 
the artificial grain boundary using an oxide superconductivity thin film, and SQUID to which the width efface of the 
bridge of the Josephson junction is narrow In two steps is offered. 

[0010] when SQUID offered by this invention set width efface of the broad part of a bridge to w typically, and width 
efface of the narrow part of said bridge is set to d and it sets die length to t as for these range, it is desirable to 
be referred to as 1 2 micrometers, mum <= w <= 50-micrometer0.2 micrometer <= d < — 1-micrometer0.1 
micrometer <= t < — 

[0011] Furthermore, if this invention is followed, although SQUID in which the Josephson junction is formed of an 
artificial grain boundary using an oxide superconductivity thin film will be manufactured As opposed to the 1st step 
which forms the bridge section which processes the Josephson junction section by the photolithography and has 
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predetermined width of face (w), and said processed bridge section By etching and processing a flank middle by the 
convergence Ion beam, without cooling The 2nd step which forms the narrow part which has predetermined width of 
face (d) smaller than said width efface is used, and SQUID to which the width of face of the bridge of the 
Josephson junction is narrow by these steps in two steps is obtained. 

[0012] Moreover. In SQUID of this invention, the Josephson junction is formed using artificial grain boundaries, such 

as a level difference mold, a bicrystal substrate mold, a BAIEPITAKISHARU mold, and a lamp edge mold. 

[0013] 

[The description of invention] The configuration of the Josephson junction by one example of SQUID of this 
invention is shown in drawing 2 . As mentioned above. SQUID of this invention is formed of the artificial grain 
boundary where the Josephson junction used the oxide superconductivity thin film. That Is, the Josephson Junction 
Is formed using artificial grain boundaries, such as a level difference mold, a bicrystal substrate mold, a 
BAIEPITAKISHARU mold, and a lamp edge mold, using an oxide superconductivity thin film. In SQUID of this 
invention, in SQUID with the Josephson junction of such an artificial grain boundary mold, as shown in drawing 2 . 
width efface is narrow in two steps, and the bridge 1 of this Josephson junction has changed to the broad partial 2 
list which has width of face w from the narrow part 3 which has width efface d and die-length t, and has the 
artificial grain boundary 4 into the narrow part 3. and such width efface w and d and die-length t — above- 
mentioned range. 1 [ I.e., ]. mum <= w <= 50-micrometer0.2 micrometer <= d < — l-micrometerO.I micrometer <= t 
< — Being referred to as 2 micrometers is suitable. 

[0014] In SQUID of this invention, by making width efface of the bridge 1 of the Josephson junction narrow to two 
steps in this way. junction width efface d can be made sufficiently [ as possible ] narrow, for example, the 
Josephson junction of junction width efface smaller than 1 micrometer can be obtained, the modulation electrical 
potential difference Vpp of SQUID shown in (1) type by this can be enlarged, and SQUID which can improve a 
SQUID property can be realized. 

[0015] Moreover, it sets to the SQUID manufacture approach of this invention. In order to manufacture SQUID by 
which the Josephson junction was formed of the artificial grain boundary using an oxide superconductivity thin film, 
and was narrowly made in the width efface of the bridge 1 of the Josephson junction in two steps In the 2nd step' 
after the bridge section which processes the Josephson junction section by the photolithography and has width of 
face w at the 1st step was formed The narrow part which has width efface d and die-length t is formed by etching 
and processing a flank middle by the convergence ion beam (RB). without cooling to this bridge section. 
[0016] Although these processes are explained in detail later By adoption of the 2nd step which does not cool a 
sample but carries out FIB processing especially according to the process which consists of such two steps As a 
result of carrying out micro processing of the bridge 1, often [ precision ] and easily, the junction width of face d of 
SQUID by this invention and die-length t can be made Into the request range of 0.2 micrometer<=d <1 micrometer 
and 0.1 micremeter<=t <2micrometer, and can realize SQUID which can operate by 77K. 

[001 7] In addition, only making bridge width of face of SQUID narrow to two steps itself is already known, as shown 
in JP.3-108782,A (Shimadzu) or JP.8-97474.A (Hitachi). However, the artificial grain boundary mold Josephson 
junctions, such as a level difference mold, are not used for these techniques, but they are negative rather. 
[0018] For example, although the former technique (Shimazu) is narrowed by two steps in the bridge width efface of 
SQUID, it tends to obtain the desired weak coupling mold Josephson junction by exposing two or more crystal faces 
on a substrate front face, without processing the width efface of weak coupling narrowly physically, since weak 
coupling cannot be obtained only by making the vena contracta of a joint thin, without degrading membraneous 
quality. That is. it aims at not narrowing junction width efface physically, and is negative about application to the 
artificial grain boundary mold Josephson junctions, such as a level difference mold. 

[0019] Moreover, although the latter technique (Hitachi) is also narrowed by two steps In the bridge width efface of 
SQUID, the interest has a thickness relation with the wiring section of the microbridge mold Josephson junction 
section chiefly, and Is negative about application to the artificial grain boundary mold Josephson junctions, such as 
this, and a level difference meld, a bicrystal substrate mold. Furthermore, micro processing performed to a joint by 
this technique is a low value of [ unlike SQUID of this invention ] 0.1 micrometers injunction width of face. 
[0020] On the other hand, the Josephson junction is the point applied to SQUID formed using artificial grain 
boundaries, such as a level difference mold, a bicrystal substrate mold, a BAIEPITAKISHARU mold, and a lamp edge 
mold, and this invention differs from these well-known techniques clearly, as mentioned above. That is, in this 
invention, in SQUID with the Josephson junction of such an artificial grain boundary mold, it is making to make 
junction width efface as small as possible into the main aim. and the structure and the production approach of 
suitable SQUID to realize this aim are offered. 
[0021] 

[The mode of implementation of Invention] Hereafter, although an example explains this invention In more detail, it 
does not pass over the following indications in the mere example of this Invention, and they do not restrict the ' 
technical range of this Invention at all. 
[0022] 

[Example] SQUID equipped with the Josephson junction of a level difference mold is made into an example, the 
processing step of one example of the production approach of SQUID by this invention is shown in drawing 3 . and 
the example of a configuration of the Josephson junction by one example of SQUID of this invention obtained 
according to the production approach of drawing 3 Is shown in drawing 4 . 

[0023] In this example. Sr Tl 03 substrate which has 20mmx20mm size Is prepared first. In order to enable It to 
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produce the artificial grain boundary 4 in the oxide superconductiv'rty thin film 5 fornned later, the level difference 6 
of 0.15 micrometers is formed in this substrate of a photolithography and ion milling. Then, on this substrate, it is 
HolBa2Cu 307-x as an oxide superconductivity thin film 5 by laser vacuum deposition. A thin film is thickness. It is 
formed by 0.2 micrometers. 

[0024] Next, HolBa2Cu 307-x formed on the substrate in the 1st step of bridge formation A usual photolithography 
and ion milling are given to a thin film 5. and the bridge section 7 which has the predetermined width of face w is 
formed in it. At this time, the Josephson junction part is presenting the configuration as shown in (a) of drawing 3 . 
[0025] Furthermore, in the 2nd step of bridge formation, without cooling a sample, to this bridge section 7, 
processing by the convergence ion beam (FIB) is performed, and the middle flank 8 of a bridge is removed by 
etching. As shown to (b) of drawing 3 by this, the narrow part 3 which has the predetermined width of face d and 
predetermined die-length t is formed. 

[0026] As a result of the above process, it has the Josephson junction which has the artificial grain boundary 4 of a 
level difference mold as shown in drawing 4 , and in the bridge 1 of this Josephson junction, width of face has 
become narrow to two steps, it has changed to the broad partial 2 list which has width efface w from the narrow 
part 3 which has width efface d and die-length t, and SQUID which has the artificial grain boundary 4 into the 
narrow part 3 is obtained. 

[0027] the property in 77K of the sample obtained when the processing sizes w. d. and t were boiled variously and it 
changed is shown in Table 1. 
[0028] 
[Table 1] 



# mm 


w 

[«m] 


d 

[tfm] 


t 

[jEtm] 


2 I c 
[tf A] 


Rn/2 
[D] 


Vpp 
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0 (#55) 


2 
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0. 5 


5 


1 imi) 


2 


0. 5 


0. 5 


2 0 


2 


1 1 


2 (ilf!l2) 


2 


0. 2 
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3 


1 3 


1 5 
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0. 1 


0. 5 
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0. 5 


0. 1 


2 0 


2 


1 1 


5 («|4) 


2 


0. 5 


1. 5 


2 0 


2 


1 1 


6 
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0. 5 


2. 0 


5 


5 


g 


7 


2 


0. 5 


5. 0 





[0029] In Table 1, a sample number "O" shows the sample which omits FIB processing for the facilities of a property 
comparison. 

[0030] To the result of the sample number "O" of Table 1, a sample number "l" and the result of "2" are compared, 
and it turns out that the modulation electrical potential difference Vpp becomes large, and the property is improving 
by FIB processing adopted by this invention so that clearly. On the other hand, since the sample of a sample 
number "3" made small width efface d of the Josephson junction too much, it has deteriorated in non- 
superconduction in 77K by the damage of the processing section circumference by the ion beam. Therefore, as for 
the width of face w of the Josephson junction, it is desirable to make it larger than 0.1 micrometers, 
[0031] If die-length t of the narrow part 3 which will be processed if the result of sample-number "4"[ of Table 1 ] - 
"7" is seen is set to 2 micrometers or more, the property will have deteriorated too (a sample number "6". "7"). 
This will be considered that the damage of the processing section circumference by the ion beam is large if 
processing die-length t is set to 2 micrometers or more. Therefore, as for die-length t of the narrow part 3 to 
process, it is desirable to make it smaller than 2 micrometers. 

[0032] If this processing die-length t is made smaller than 0.1 micrometers, it may become impossible moreover, to 
process the part of the artificial grain boundary 4 precisely. Therefore, as for this die-length t. it is desirable to 
make it 0.1 micrometers or more. 

[0033] In addition, as an oxide superconductivity thin film 5. it is Ho1Ba2Cu 307-x at these examples. Although the 
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thin film is used, it is Yl Ba2Cu 307-x. Other rare earth system oxide superconductivity thin films, such as a thin 
film, can be used. Moreover, oxide superconductivity thin films, such as Bi system and Tl system, can also be used. 
[0034] Moreover, in these examples, although the substrate level difference mold artificial grain boundary is used as 
an artificial grain boundary, artificial grain boundaries, such as a bicrystal substrate mold artificial grain boundary, a 
BAIEPITAKISHARU mold artificial grain boundary, and a lamp edge mold artificial grain boundary, can be used. 
[0035] 

[Effect of the Invention] Since the junction width efface of a request narrow enough can be obtained by making 
bridge width of face of the Josephson junction of an artificial grain boundary mold narrow to two steps according to 
this invention as explained above. SQUID which enlarged the modulation electrical potential difference and improved 
the property can be offered. Moreover, since micro processing is carried out by the convergence ion beam (RB). 
without cooling by the approach of this invention, SQUID with such structure is easily [ often / precision / and ] 
realizable. 



[Translation done.] 
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♦"NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing explaining the artificial grain boundary mold Josephson junction by the conventional 
technique. 

[Drawing 2] It is drawing which explains roughly the configuration of the Josephson junction in SQUID of this 
invention. 

[Drawing 3] It is drawing for explaining the processing step of one example of the production approach of SQUID by 
this Invention. 

[Drawing 4] It Is drawing showing the example of a configuration of the Josephson junction of SQUID by one 

example of this invention. 

[Description of Notations] 

F. 5 Oxide superconductivity thin film. 

B. 1 Bridge, 

A, 4 Artificial grain boundary. 

2 Broad Part Which Has Width of Face W, 

3 Narrow Part Which Has Width of Face D and Die-Length T, 

6 Level Difference, 

7 The bridge section from which the middle flank 8 is removed. 



[Translation done.] 
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DRAWINGS 



[Drawing 1] 




[Drawing 41 
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(b) 



[Translation done.] 
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